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(57) ABSTRACT 

A clock synchronization circuit for generating an output 
clock signal that is in synchronization with a reference clock 
signal and a method embodying the principle of operation of 
the circuit are disclosed. The circuit has a programmable 
delay element and a phase detector. Synchronization is 
reached when the phase difference between the two clock 
signals is less than a predetermined value. The program- 
mable delay element is coupled to the reference clock signal 
for introducing an adjustable delay in the reference clock 
signal to produce the output clock signal. By increasing the 
adjustable delay, the output clock signal becomes increas- 
ingly closer to being in synchronization with the reference 
clock signal. The phase detector is coupled to the reference 
clock signal and the output clock signal for detecting the 
phase difference between the two clock signals. The adjust- 
able delay is increased until synchronization is obtained. 

13 Claims, 5 Drawing Sheets 




U.S. Patent Dec. 14, 2004 Sheet 1 of 5 US 6,831,490 Bl 




FIGURE 1 
(PRIOR ART) 



w 



w 



CLOCK AT 
MICROPROCESSOR 



CLOCK AT IC 1 



SKEW 



FIGURE 2 
(PRIOR ART) 



U.S. Patent Dec 14, 2004 Sheet 2 of 5 US 6,831,490 Bl 




FIGURE 4 



U.S. Patent Dec 14, 2004 



Sheet 3 of 5 



US 6,831,490 Bl 



CLK (IN2) 



V+D 



IN3 — 
zero, delay 



BCLK n x 



4 * 



INI 



STATUS 



BCLK 



IN1 



STATUS 



BCLK 



IN1 



AD1 



AD2 



r? 



P 

STATUS 



16 



r 



18 



r 



-18 



r 



-18 



y — 60 x — 



60 



FIGURE 5A 



FIGURE 5B 



FIGURE 5C 



U.S. Patent Dec 14,2004 Sheet 4 of 5 



US 6,831,490 Bl 



CLK (IN2) 



f 



.16 



Y+O 



!N3 



8CLK 



INI 



AD3 



STATUS 



BCLK 



IN1 



AD4 I . 




60 



Y+X 



STATUS 



AD5 



BCLK 

INI 
P 

STATUS 



X > 



-60 



\jr- 60 



-60 



-60 



FIGURE 5D 



FIGURE 5E 



FIGURE 5F 



U.S. Patent Dec. 14, 2004 Sheet 5 of S 



US 6,831,490 Bl 



BCLK 
CLK 




FIGURE 6 



US 6,831,490 Bl 
1 2 

CLOCK SYNCHRONIZATION CIRCUIT AND trace lengths between the clock source and all destinations. 

METHOD This technique is often accomplished by distributing the 

clock signals radially from a distribution point physically 
located near the center of the circuit board. The designer can 
FIELD OF INVENTION 5 also equalize the number of gates and types of gates in all 

-Hiis invention relates to a clock signal synchronization clock ^ P^- Cl °^ ^ ew * reduced 

i ma uivtiiuun iciau^ w a www fi* . / eaualizine the amount of load that gates and various signal 

circu.t and method. More particularly, thi^nyention^ ^ J techniques affect the funda- 

to a low-cost clock synchromzanon cir^tthat can be P ^huec^ of u, e system . they can only be per- 

implemented usmg elements in a standard programmable ^ ^ ^ ^ ^ ^ Such 

gate-array CPU A). cannot account for design changes or component variations. 

BACKGROUND This equalizing technique may not be possible in all cir- 

c cu instances due to other design constraints of the circuit. 

In digital circuits such as microprocessor circuits, a ref- Addiu0 nal1y. a previously equalized circuit may require the 

erence clock signal is distributed throughout the circuits so i3 addiUon of new not conceived of during the initial 

as to control timing of events within the circuits. In each d Previously equalized paths may no longer be 

circuit, the reference clock signal is typically distributed ^ ^ ^ of new circuitry. 

from a single distribution point to vanous desUnaUon points n . . . . . t , . # . ot Mn . 

within the circuit. These destination points are at the clock- There are al«, delay mtroducuon tdqnta can be 

input pins of integrated circuits (ICt) that receive the , ft performed during the manufacmre or instaUanon of the 

reference clock signaTThe destination points may be 20 system What is .mportant .s the difference in delay between 

Seated at different disutnees from the distribution point For various s.gnal paths not the actual amount of delay m 

reasons which will be discussed later, the signals do not «W 8' v ™ Pf\ ^ skew ^"f" sl E nal8 ?™ be corn- 

arrive at all these desUnaUon points at exactly the same time. Plated for by introducing a spec. fie amount of <Way m the 

The difference in time between the arrivals of the signals is „ faster signal paths soas to match the electrical length of Uie 

called skew slowest signal path. Delay line timing involves connecting a 

_ . , ' , . . . , .... ,,,-„, „„,„ clock signal path through a delay line that provides multiple 

Typical paths for a clock signal w.11 .nclude fanout gates^ outputSi %Xoutput Corresponding to a different delay 

circuit board traces and IC interconnect metal. Each of these ^ ^ corresponding to the needed delay is 

prov.des an opportunity for introducing undesired dock m ^ £ inslall ^ on « reference to other clock 

skew The amount of time it takes a s.gnal to ttavel [along a 30 tuning is adjustable, so it can skew 

craut board trace .s called toe electrical length of the frace , circ J it even ^ me of new circuitry. 

This electrical length depends upon the physical length and ^ »~- .,.. J _. 

the capacitance of the trace. AU else being equal, a signal These equalizing and delay mtroducuon techniques are 

will take longer to travel a long path than a short one. If the useful for large and complex systems that span several 

physical lengths of all the clock signal paths are not equal, « system modules. These methods are overkill for small 

skew is introduced. systems wherein skew is introduced mostly due to excessive 

dock signal paths will often include several levels of loadin 8 ? f „ a refercnce c ' ock , sou ^ 1 ^" ^ 

fanout gatefand buffering. If there are unequal numbers of congenially avartable phase-locked l^ffUJ circmtt 

gates in the signal paths or if there are variations in the time can be used to reduce skew. .Although these PLLs axe 

f . e . r , i_ * i, -11 u accurate and are capable of driving large loads, they are 

it takes a signal to pass through a gate, skew will occur. How 40 , L r%~\ . - , . . ■ „ 

il " "5'«" .1 . , , , w costly and when included in a design, occupies precious 

lone a sienal takes to pass through a gate depends upon . J , . . , , _ , , - .v 

iuu e a oj^iuu uiaw F 6 5 , . *; , printed circuit board space. These PLLs also increases the 

several factors, including the propagation delay character- H /\ „ 

istics of the particular type of gate, the number of loads the P° wer consumption of the system. 

gate is driving, and the temperature of the gate. Any varia- The prior art therefore creates the need for a low-cost 

tion of these factors between two signal paths will cause 45 clock synchronization circuit and method for producing an 

skew in the signals. Even if these factors are identical, there output clock signal that is in synchronization with a refer- 

may be variations between individual gates of the same type. ence clock signal. 

There are several reasons for attempting to eliminate as SUMMARY 
much skew as possible in a circuit. First, skew limits the 

speed at which a system can operate. Within a micropro- 50 According to a preferred embodiment of the present 
cessor circuit, tasks are often performed serially, with data invention, a clock synchronization circuit for generating an 
being passed from one stage of the circuit to another on output clock signal that is substantially in synchronization 
subsequent clock cycles. The time period of the clock must with a reference clock signal has a programmable delay 
be long enough to account for the time it takes a stage to element and a phase detector. The programmable delay 
process the data and propagate it to the next stage. In 55 element and the phase detector is preferably implemented 
addition, the clock period must also allow for any skew using elements in a PGA. The condition of substantial 
between the clock signals at the various stages. For example, synchronization is reached when the phase difference 
if one stage is clocked late due to clock skew but the next between the two clock signals is less than a value predeter- 
stage is clocked on time, the data from the first stage may not rained during a design stage of the circuit The program- 
yet be present when the second stage is clocked The clock 60 mable delay element is coupled to the reference clock signal 
period thus must be stretched to accommodate not only the for introducing an adjustable delay in the reference clock 
time needed for the first stage to process and propagate the signal to produce a delay-adjusted delayed output clock 
data, but also for the amount of skew between the clock signal. By increasing the adjustable delay, the delay-adjusted 
signals present at the two stages. output clock signal becomes increasingly closer to being in 
There are several techniques used in the attempt to reduce 65 synchronization with the reference clock signal. The phase 
clock skew due to one or more of the conditions discussed detector is coupled to the reference clock signal and the 
above. A designer can attempt to equalize the circuit board delay-adjusted delayed output clock signal for detecting the 
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phase difference between the two clock signals. The adjust- 
able delay is increased until the synchronization condition is 
reached. 

According to another aspect of the invention, a method for 
generating a delayed output clock signal that is in synchro- 
nization with a reference clock signal involves inverting and 
delaying the reference clock signal by a first delay to 
produce an intermediate clock signal. This intermediate 
clock signal cooperates with the reference clock signal to 
provide a window of width equal to the predetermined delay. 
The method next introduces an adjustable delay in the 
intermediate clock signal to produce a delay-adjusted 
delayed output clock signal. The method also inverts and 
delays the delay-adjusted delayed output clock signal by a 
second predetermined delay Y to produce a reference clock 
signal delayed by the first delay and the second predeter- 
mined delay Y. The method increases the adjustable delay to 
bring a cycle of the delay-adjusted delayed output clock 
signal to be increasingly in synchronization with a subse- 
quent cycle of the reference clock signal. The adjustable 
delay is increased until a mark of the reference clock signal 
delayed by the first delay and the second predetermined 
delay Y appears in the window. When such a condition is 
reached, the delay-adjusted delayed output clock signal 
leads the reference clock signal by a known phase difference 
X that is equal to the second predetermined delay Y. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will be better understood with reference to 
the drawings, in which: 

FIG. 1 is a block diagram showing clock destinations at 
various distances from a microprocessor clock source. 

FIG. 2 is a timing diagram showing clock skew between 
signals at a reference clock and a destination point. 

FIG. 3 is a block diagram showing a clock synchroniza- 
tion circuit according to a preferred embodiment of the 
present invention. The clock synchronization circuit is 
shown in the context of a typical microprocessor circuit for 
providing a synchronized clock signal to various ICs in the 
circuit. 

FIG. 4 is a detailed schematic of the clock synchroniza- 
tion circuit in FIG. 3. The clock synchronization circuit has 
a programmable delay element and a phase detector. The 
phase detector has a pulse generator and a latch. 

FIG. 5A is a timing diagram showing waveforms at 
various selected points of the schematic in FIG. 4. This 
diagram shows a reference clock signal, CLK, and a delay- 
adjusted delayed output clock signal, BCLK, during power 
up of the circuit of FIG. 4 when the programmable delay 
element has zero delay. 

FIG. SB is a timing diagram similar to FIG. 5A showing 
the delay-adjusted delayed output clock signal, BCLK, 
delayed by a delay of AD1 for bringing it closer to being in 
synchronization with the reference clock signal, CLK. 

FIG. 5C is a timing diagram showing the delayed- 
adjusted delayed output clock signal, BCLK, which is 
delay-adjusted by a delay AD2 to bring it even closer to 
being in synchronization with the reference clock signal, 
CLK. A pulse is shown generated by the pulse generator in 
FIG. 4. The pulse width of the generated pulse is insufficient 
to trigger the latch in FIG. 3. 

FIG. 5D is a timing diagram showing the delay-adjusted 
delayed output clock signal, BCLK, which is substantially in 
synchronization with the reference clock signal, CLK. The 
pulse width of the generated pulse in FIG. 5C has increased 
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and is sufficiently large to trigger the latch. A signal, 
STATUS, at the output of the latch is appropriately changed 
to indicate the synchronization condition. 

FIG. 5E is a timing diagram similar to FIG. 5D showing 
5 that if the adjustable delay is continuously increased, there 
will come a point in time when the pulse generated is at its 
maximum width. 

FIG. 5F is a timing diagram showing a diminishing pulse 
width of the generated pulse with further increase in delay 
10 of the reference clock signal, CLK. 

FIG. 6 is a block diagram similar to FIG. 4 showing an 
alternative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
15 PREFERRED EMBODIMENT 

FIG. 1 is a block diagram showing a clock generator, such 
as a microprocessor 2 supplying a reference clock signal to 
three destination integrated circuits (ICs) 4. The connec- 

^ tions 6 that carry the reference clock signal between the 
microprocessor 2 and the destination ICs 4 are shown to be 
of different lengths. FIG. 2 is a timing diagram showing the 
relationship between the reference clock signals at the 
microprocessor 2 and one of the destination ICs 4. The 

^ reference clock signal is a periodic waveform having a 
period 2W. The waveform of the reference clock signal 
arriving at any one of the ICs 4 is shown to have a skew 12 
that is caused mainly by overloading the clock source in the 
microprocessor 2. In this example, the signals do not arrive 

30 at the destinations at exactly the same time due to the 
difference in length of the connections 6. However, the 
difference in time of arrival is negligible compared to the 
skew 12 caused by overloading the clock source. 

Hereafter a preferred embodiment of the invention is 

35 described in the context of components or elements avail- 
able in a programmable gate array (PGA) such as the 
UPD65845S 1 - Y07-2C from NEC. However, it should be 
recognized that other types of ICs and PGAs could be used 
to practice the current invention. 

40 FIG. 3 is a block diagram showing a clock synchroniza- 
tion circuit 14 used in a microprocessor system similar to 
that shown in FIG. 1 for reducing skew 12. The clock 
synchronization circuit 14 has a reference clock signal 16 
from a microprocessor 2 as an input to the circuit 14. The 

45 clock synchronization circuit 14 introduces an adjustable 
delay in the reference clock signal 16 to produce a delay- 
adjusted delayed output clock signal 18. As the adjustable 
delay is increased, the output clock signal 18 is progres- 
sively brought into synchronization with the reference clock 

so signal 16. Such a synchronization of the signals is achieved 
when a cycle of the reference clock signal 16 is delayed to 
become synchronized with a subsequent cycle of the refer- 
ence clock signal 16. In this substantially synchronized state, 
the two signals 16, 18 have a predetermined phase differ- 

ss ence. This phase difference is predetermined by the propa- 
gation delay times of elements used in the design of the 
clock synchronization circuit 14. This predetermined phase 
difference should be within that tolerable for synchronously 
clocking the ICs 4 so that data 20 and control 22 signals are 

60 exchanged at the correct instances. This phase difference is 
typically equivalent to a delay of several nanoseconds. 

Hereafter, the delay-adjusted output clock signal 18 will 
be referred to as the output clock signal 18 for ease of 
description. The clock synchronization circuit 14 is next 

65 described with the aid of FIG. 4. FIG. 4 is the schematic 
diagram of a clock synchronization circuit 14 according to 
the preferred embodiment of the present invention. The 
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circuit 14 has two main blocks, a programmable delay 
element 24 and a phase detector 26. One of the inputs to the 
phase detector 26 is the reference clock signal 16. The output 
clock signal 18 is fed back, preferably through a circuit trace 
outside of the PGA, into the clock synchronization circuit 14 5 
as a second input to the phase detector 26. Preferably, the 
phase detector 26 has a pulse generator 28 and a latch, such 
as a D-latch 30. The output of the pulse generator 28 is a 
train of pulses that are used to clock the D-latch 30. When 
the pulse width of a pulse exceeds a pulse width Z that is 10 
required to clock the D-latch 30, the D-latch 30 will trigger 
to indicate the substantially synchronized state of the refer- 
ence clock signal 16 and the output clock signal 18. If the 
phase difference between the clock signals 16, 18 is greater 
than the predetermined phase difference, the programmable l5 
delay element 24 is appropriately programmed to increase 
the adjustable delay in the reference clock signal 16. 

The known delays of elements in the PGA allows a 
designer to design a clock synchronization circuit 14 that 
produces an output clock signal 18 that has a known phase 20 
difference with the reference clock signal 16 when brought 
into a substantially synchronized state. There are many 
different types of elements with different delay times in a 
PGA. These elements make the PGA suitable for imple- 
menting the clock synchronization circuit 14, PGAs are 25 
commonly used in electronic and microprocessor circuits for 
reducing the chip count in the circuits. If a PGA is available, 
the clock synchronization circuit 14 can be implemented 
without adding more components. 

In the clock synchronization circuit 14, the reference 30 
clock signal 16, CLK, is electrically coupled to a first NOT 
gate 40 of the pulse generator 28 to produce an intermediate 
clock signal. This first NOT gate 40 has a delay of Y. The 
output of this first NOT gate 40 is electrically coupled to a 
delay element 42 having a delay of D. The output of the 35 
NOT gate 40 is also electrically coupled to the program- 
mable delay element 24. The implementation of such a 
programmable delay element 24 in a PGA is well known to 
those skilled in the art The adjustable delay of this pro- 
grammable delay element 24 is preferably incremented by D 40 
each time it is incremented, where D is the propagation 
delay of a delay element in the PGA. This programmable 
delay element 24 is coupled to and controlled by a micro- 
processor 2 to allow the microprocessor 2 to increment the 
adjustable delay. The output of the programmable delay 45 
element 24 is electrically coupled to the input of a second 
NOT gate 44 that also preferably has a delay of Y. Trie output 
of this second NOT gate 44, the reference clock signal 16 
and the output of the delay element 42 are connected to a 
first, a second and a third input of a three-input AND gate 46 so 
respectively. The output of the AND gate 46 is electrically 
coupled to the D-latch 30 to clock the D-latch 30. A D-input 
48 (data input) of the D-latch is kept at a logic high level by 
electrically coupling it to a supply voltage, Vcc. An S-input 
(set input) of the D-latch 30 is electrically coupled to logic 55 
low level, GND. An R-input (reset input) of the D-latch 30 
is electrically coupled to a reset signal 50 such as one 
generated by the microprocessor 2. A Q-outpul of the 
D-latch 30 is electrically coupled to an input pin of the 
microprocessor 2 for the microprocessor 2 to read the state 60 
of this Q-output. 

Next the operation of the clock synchronization circuit 14 
is described with the aid of timin g diagrams in FIGS. 5A-5F. 
The reference clock signal 16, CLK, is shown to have a 
fifty-percent duty. Clock signals of other suitable duty cycles 65 
are equally applicable to the present invention. FIG. 5A 
shows the waveforms of selected signals at various points in 
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the clock synchronizauon circuit 14 during the powering up 
of the circuit 14. The adjustable delay of the programmable 
delay clement 24 is set at zero delay. The reference clock 
signal 16 propagates through the first NOT gate 40 and the 
delay element 42 to arrive at the third input, IN3, of the AND 
gate 46 inverted and delayed by Y+D nanoseconds. With the 
adjustable delay set at zero delay, the input to the second 
NOT gate 44 is the output clock signal 18, BCLK, which is 
also the reference clock signal 16, CLK, inverted and 
delayed by Y. Accordingly, the output of the second NOT 
gate 44 is the reference clock signal 16 delayed by 2Y as 
indicated by the waveform INI in FIG. 5A. During power 
up, the microprocessor 2 will perform a synchronization 
sequence by first resetting the D-latch 30 so that the 
Q-output of the D-latch 30 is at a logic low level to indicate 
that synchronization is not reached. At this point, the output 
of the AND gate, P, is at a logic low level. This logic low 
level when presented at a C-inpul (clock input) of the 
D-latch 30 will not cause any change in the Q-output of the 
D-latch 30. 

To understand the waveforms of the signals in FIGS. 
5A-5F, it is worth noting that the reference clock signal 16, 
CLK, (connected to IN2 of the AND gate 46) and the signal 
at the third input of the N AND gate, IN3, are in fixed phase 
relationship with each other. That is, the signal at IN3 is the 
reference clock signal 16 inverted and delayed by Y+D. The 
ANDing of the signals at IN2 and IN3 basically opens up a 
window of width Y+D. Similarly, the BCLK signal 18 and 
the signal at the first input, INI, of the AND gate 46 are also 
in fixed phase relationship with each other. As the adjustable 
delay of the programmable delay element 24 is increased, 
the second pair of signals, BCLK and INI will shift to the 
right of FIG, 5A so that the output clock signal 18, BCLK, 
will progressively become synchronized with the reference 
clock signal 16, CLK. 

In the synchronization sequence, the microprocessor 2 
next proceeds to increase the adjustable delay by D. After 
the adjustable delay is incremented, the microprocessor 
polls the Q-output of the D-latch 30 for a change in logic 
state of the Q-output If there is no change in the Q-output, 
i.e. it is still at a logic low level, the microprocessor 2 will 
repeat the above steps of incrementing the adjustable delay 
and polling the Q-output for a change in state. As the 
adjustable delay is incremented to a value of AD1, the 
waveforms of the signals will be that shown in FIG. 5B. At 
this point, a trailing edge 32 of a mark of a cycle of the signal 
at INI coincides with the edge of the window. If such a 
condition is detectable, the output clock signal 18, BCLK, is 
known to lead the reference clock signal 16, CLK, by a 
phase difference corresponding to the delay Y. However, in 
this preferred embodiment, such a condition is not detect- 
able at this particular point in time, No pulse appears at the 
output of the AND gate 46 when at least one of the three 
inputs of the AND gate 46 is at a logic low level. 

Beyond this point as the adjustable delay is further 
incremented to a value of AD2, a pulse 60 begins to appear 
in the window at the output of the AND gate 46. FIG. 5C 
shows a pulse generated by the pulse generator 28. The 
width of this pulse 60 is given by Y-X, where X is the phase 
difference between the output clock signal 18, BCLK, and 
the reference clock signal 16, CLK. As long as Y-X is less 
than a minimum pulse width Z required to clock the D-latch 
30 for triggering the D-latch 30, the Q-output will not 
change state and will remain at a logic low level. As the 
delay adjustment is further increased to a value of AD3, the 
phase difference X decreases and the pulse width given by 
Y-X increases. As soon as Y-X is greater than Z, the D-latch 
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30 will trigger to cause the Q-output of the D-latch 30 to 
follow the logic state of the D-input 48 to go to a logic high 
level. FIG. 5D shows the waveforms of the signals when 
such a condition is reached. On detecting this condition, the 
microprocessor 2 recognizes that the reference clock signal 
16, CLK, and the output clock signal 18, BCLK, are 
substantially in synchronization with a phase difference 
between the two signals of no more 30 than Y-Z. Therefore, 
with the proper selection of the values of delay Y and pulse 
width Z, a designer is able to predetermine the phase 
difference when synchronization occurs. 

If Y is larger than Z, the output clock signal 18, BCLK, 
will lead the reference clock signal 16, CLK, by Y-Z as 
described above. The worst case phase lead will be given by 
Ymax— Zmin, where Ymax is the maximum delay of the 
second NOT gate 44 and Zmin is the minimum pulse width 
required to clock the D-latch 30. 

Next the condition when both the output clock signal 18, 
BCLK, and the reference clock signal 16, CLK, are exactly 
in phase or synchronized but the generated pulse 60 is still 
of insufficient width to trigger the D-latch 30 is discussed. 
That is, when X is equal to zero but Y is still less than Z. 
With further increase in the adjustable delay, the output 
clock signal 18, BCLK, will begin to lag the reference clock 
signal 16, CLK. The width of the generated pulse 60 will 
also increase until it reaches a maximum determined by the 
window width of Y+D. FIG. 5E shows the waveforms at the 
various points when the pulse width is at such a maximum 
of Y+D. This maximum pulse width should trigger the 
D-latch 30, otherwise the clock synchronization circuit 14 
will not work. The phase difference between the two clock 
signals 16, 18, now given by Y+X, should preferably be 
greater than Z before the pulse width is allowed to increase 
to Y+D. Accordingly, Zmax-Yrnin gives the worst-case 
phase lag. The window width given by Y+D should be able 
to accommodate a pulse of width Zmax. The worst-case 
phase lead and phase lag define the bounds of the phase 
difference between the output clock signal 18, BCLK, and 
the reference clock signal 16, CLK. If the values of Y and 
Z allows the phase difference to be more accurately 
determined, the delay of the programmable delay element 24 
can be appropriately adjusted to bring the two clock signals 
closer into synchronization. 

After detecting the Q-output signal has changed state to a 

logic high level, the microprocessor 2 exits the synchroni- 
zation sequence and proceeds with its normal operation. 

Although the following condition will not occur if the Y, 
Z and D values are properly selected, it is worth understand- 
ing how the clock synchronization circuit 14 behaves if the 
adjustable delay is incremented without the D-latch 30 being 
triggered. FIG. 5F shows a generated pulse whose width is 
reduced if the adjustable delay is allowed to increase in such 
a manner. As the adjustable delay is increased, the pair of 
signals, BCLK and INI will shift further to the right, away 
from the pair of signals, CLK and IN3. The width of the 
generated pulse will initially remain at its maximum width 
of Y+D. However, there will come a point when the width 
of the generated pulse 60 will begin to reduce in width and 
eventually disappear. Therefore, it is important to select the 
values of Y, Z and D so that the D-latch 30 is triggered. 

The clock synchronization circuit 14 described above 
demonstrates that a simple low-cost circuit can be used to 
generate a delayed clock signal 18 that is substantially in 
synchronization with a reference clock signal 16 from a 
microprocessor 2. 

It should not be construed that the invention is limited to 
the particular embodiment discussed. The invention can be 
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practiced with other circuits. For example, the program- 
mable delay element 24 may be controlled by an up-counter 
62 instead of by the microprocessor 2. FIG. 7 shows such an 
alternative embodiment, lite ORing of the Q-output and the 
5 reference clock signal 16, CLK, can be used to clock the 
up-counter 62. The same reset signal 50 that is used to clear 
the D-latch 30 in the preferred embodiment can also be used 
to clear the up-counter 62 at the start of a synchronization 
sequence. Using such a circuit, no microprocessor interven- 
tion is required to increase the adjustable delay. The 
up-counter 62 will automatically count up with each cycle of 
the reference clock signal 16, CLK, until the Q-output of the 
D-latch 30 changes to a logic high level to disable the 
clocking of the up-counter 62. 
We claim: 

15 1. A clock synchronization circuit for generating an output 
clock signal that is substantially in synchronization with a 
reference clock signal when in an in-synchronizabon state 
with a phase difference between the two clock signals of less 
than a predetermined value, the clock synchronization cir- 
20 cuit comprising: 

a programmable delay element coupled to the reference 
clock signal for introducing an adjustable delay in the 
reference clock signal to produce a delay-adjusted 
delayed output clock signal that becomes increasingly 
25 closer to being in synchronization with the reference 
clock signal; and 
a phase detector coupled to the reference clock signal and 
. the delay-adjusted delayed output clock signal for 
detecting the phase difference between the two clock 
30 signals and for generating an in-synchronization signal 
when the in-synchronization state is reached, the phase 
detector comprising: 

a pulse generator that produces a pulse of variable 
width when the output clock signal approaches the 
35 in-synchronizaton state as the adjustable delay is 

increased; and 
a latch that is triggered by the pulse to generate the 
in-synchronization signal when the width of the 
pulse reaches a pulse width Z required to trigger the 
40 latch. 

2. A clock synchronization circuit according to claim 1, 
wherein the latch is a D-type latch, 

3. A clock synchronization circuit according to claim 1, 

wherein the pulse generator comprises: 

45 means for producing a window of a known width Y that 
is at least equal to the pulse width Z; and 
means for generating a signal (INI) from the delay- 
adjusted delayed output clock signal whose mark of a 
cycle is brought to overlap with the window when the 

so adjustable delay is increased to produce the pulse. 

4. A clock synchronization circuit according to claim 3, 
wherein the means for producing the window is a three-input 
AND gate having a first input coupled to the generated 
signal (TNI), wherein the generated signal is the reference 

S3 clock signal delayed substantially by 2Y, a second input 
coupled to the reference clock signal, and a third input 
coupled to the reference clock signal that is inverted and 
delayed by at least Y. 

5. A clock synchronization circuit according to claim 4, 
60 wherein the in-synchronization state is reached when the 

pulse width of the pulse generated by the pulse generator 
reaches a width Y-X that is equal to the pulse width Z; 
whereby the m-synchronization signal is generated, wherein 
X is a phase difference between the reference clock signal 
65 and the output clock signal. 

6. A clock synchronization circuit according to claim 4, 
wherein the third input of the three-input AND gate is 
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coupled to the reference clock signal that is inverted and 
delayed by Y+D, whereby D is a delay provided by a delay 
element. 

7. A clock synchronization circuit according to claim 6, 
wherein the bounds of the phase difference X is given by a 
worst case phase lead of Ymax-Zmin and a worst case phase 
lag of Ymin-Zmax depending on the values of Y and Z, 
wherein 

Ymax and Ymin are the maximum and minimum delays 

of a NOT gate respectively; and 
Zmax and Zmin are the maximum and minimum pulse 

widths required to trigger the latch respectively. 

8. A clock synchronization circuit according to claim 6, 
wherein the delay-adjusted output clock signal is carried on 
a trace on a printed circuit board on which the programmable 
gate array is mounted. 

9. A method of generating a delayed output clock signal 
that is substantially in synchronization with a reference 
clock signal when the delayed output clock signal has a 
predetermined phase difference X with the reference clock 
signal* the method comprising: 

inverting and delaying by a first delay the reference clock 
signal to produce an intermediate clock signal, wherein 
this intermediate clock signal cooperates with the ref- 
erence clock signal to provide a window of width equal 
to the predetermined delay; 

introducing an adjustable delay in the intermediate clock 
signal to produce a delay-adjusted delayed output clock 
signal; 

inverting and delaying by a second predetermined delay Y 
the delay-adjusted delayed output clock signal to pro- 
duce the reference clock signal delayed by the first 
delay and the second predetermined delay Y 

increasing the adjustable delay to bring a cycle of the 
delay-adjusted delayed output clock signal to be 
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increasingly in synchronization with a subsequent 
cycle of the reference clock signal until a synchroni- 
zation condition is reached where a mark of a cycle of 
the reference clock signal delayed by the first delay and 
5 the second predetermined delay Y appears in the win- 
dow to indicate that the delay-adjusted delayed output 
clock signal leads the reference clock signal by the 
phase difference X that is equal to the second prede- 
termined delay Y. 
10 10. A method according to claim 9, wherein increasing the 
adjustable delay comprises increasing the adjustable delay 
by a known delay step D each time the adjustable delay is 
incremented. 

11. A method according to claim 10, further comprising 
!5 increasing the delay by a further number of delay steps 
corresponding to Y/D to bring the delay adjusted delayed 
output clock signal to be more in synchronization with the 
reference clock signal after the synchronization condition is 
reached. 

20 12. A method according to cl aim 9, wherein increasing the 
adjustable delay comprises increasing the adjustable delay 
until a portion of the mark corresponding to a width of Z 
appears in the window; whereby the delay-adjusted delayed 
output clock signal leads the reference clock signal by a 

25 phase difference X that is equal to the second predetermined 
delay Y minus the width Z. 

13. A method according to claim 10, wherein Y is smaller 
than Z and the first delay is greater than Z and wherein 
increasing the adjustable delay comprises increasing the 

30 delay until a portion of the mark corresponding to a width of 
Z appears in the window; whereby the delay-adjusted 
delayed output clock signal lags the reference clock signal 
by a phase difference X that is equal to the width minus the 
second predetermined delay Y. 

35 

***** 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO.: 6,831,490 

DATED: December 14, 2004 

INVENTOR(S): Khiam Yong Tan et al. 

U is certified that error appears in the above-identified patent and that 
said letters Patent is hereby corrected as shown below: 

Inventors: "Khaim Yong Tan" should read « Khiam Yong Tan — . 



i V 2005 



